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Interaction Profiles of Amino Acid Side-Chain Analog Pairs within
Membrane Environments
Vahid Mirjalili, Michael Feig.
Michigan State University, East Lansing, MI, USA.
The energetics of amino acid insertion into membranes has been studied
extensively but relatively little is known about the association energetics of
amino acids within biological membranes. Here, interactions between pairs
of four amino acid analog (Asn, Ser, Phe, and Val) in the membrane environ-
ment are described from umbrella sampling molecular dynamics simulations.
Association interaction free energy profiles as a function of bilayer insertion
depth are presented and the physical characteristics of contact pairs are
described. The results provide detailed insight into amino acid interactions
within membrane environments with implications in the understanding of
how membrane-bound peptides and proteins interact and for the association
of transmembrane helices. Furthermore, the quantitative energy profiles pre-
sented here serve as a benchmark for the parameterization of more simplified
models such as coarse-grained models or implicit models of membrane
bilayers.
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Room-Temperature Ionic Liquids Interacting with a Phospholipid
Bilayer: A Comprehensive Neutron Scattering and Molecular Dynamics
Study
Antonio Benedetto1,2, Miguel A. Gonzalez3, Pietro Ballone4.
1School of Physics, University College Dublin, Dublin, Ireland, 2School of
Medical Sciences, The University of Sydney, Sydney, Australia, 3Institut
Laue Langevin (ILL), Grenoble, France, 4Istituto Italiano di Tecnologia,
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Recent experiments have shown that Room-Temperature Ionic Liquids
(RTIL) can be incorporated into phospholipid bilayers, undermining their sta-
bility. Those results have important implications concerning the toxicity of
RTILs, but could also point to biotechnological applications. However, the
experiments available up to now, provide limited access to the microscopic
details on the RTIL-phospholipid interaction. Neutron Scattering (NS) and
Molecular Dynamics (MD), instead, represent powerful tools for character-
izing both the structure and dynamical properties at the microscopic level.
Here we present a comprehensive NS and MD study on phospholipid bilayers
in contact with water solution of prototypical RTILs, e.g. [bmim][Cl], [bmim]
[PF6], and [bmim][NTf2]. Neutron diffraction and reflectivity allow us to
determine the changes in the membrane structure when different RTILs are
added, while the dynamical properties have been determined by quasi-
elastic neutron scattering.
MD has been performed on
the same systems using
Gromacs. NS has been per-
formed at ILL (France),
ISIS (UK), and NIST (USA)
large-scale facilities,whereas
theMDon the supercomputer
ICHEC (Ireland). Experi-
mental results and MD pre-
dictions agree with each
other, and provide a wealth
of microscopic information
on the RTIL-phospholipid
interaction.2527-Pos Board B219
The Distributions and Orientations of Retinoids in Retinal Membranes
Studied with All-Atom Molecular Dynamics Simulations
Jinju Lu1, Igor Vorobyov1, Toby W. Allen1,2.
1Department of Chemistry, University of California, Davis, Davis, CA, USA,
2School of Applied Sciences & Health Innovations Research Institute, RMIT
University, Melbourne, Australia.
Understanding the transport of retinoids in lipid bilayers is essential to
describe the binding to photoreceptors or retinoid-binding proteins involved
in the visual cycle. Utilizing all-atom molecular simulations, we demonstrate
how 11-cis retinal, all-trans retinal and all-trans retinol distribute and orient
in lipid bilayers with different levels of unsaturation, head group and the
presence of cholesterol, characteristic of retinal membranes. We have found
that all-trans retinol is more depleted in the membrane core (with a substan-tially lower density relative to retinal) and less flexible in its orientation
(with a more parallel alignment to the membrane normal) than its retinal
counterpart. We shall discuss how these results pertain to the vision cycle.
In particular, the restricted distribution of retinol may assist the removal
of all-trans retinol from the rod outer segment(ROS) membranes by facili-
tating its binding to certain retinoid-binding proteins. On the other hand,
the higher accessibility of the membrane core to all-trans retinal and its
flexible orientation may assist its release from bleached photoreceptors.
Furthermore, we demonstrate that the presence of cholesterol increases the
concentration of 11-cis retinal in the membrane core and will explain how
this is consistent with the roles of plasma and disk membranes in the retinoid
cycle.
2528-Pos Board B220
Correlations of Specific Ionic Effects using Ion Channels and Surface
Charge Measurements
Torri C. Roark1,2, Oscar Teijido Hermida2, Tatiana K. Rostovtseva2,
Philip A. Gurnev2,3, Horia I. Petrache1, Sergey M. Bezrukov2.
1Department of Physics, Indiana University Purdue University Indianapolis,
Indianapolis, IN, USA, 2NIH/NICHD, Bethesda, MD, USA, 3Department of
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Specific ionic effects, as captured in the Hofmeister series, have been observed
in many biological phenomena including protein folding and aggregation and
lipid bilayer interactions. Previously we have shown that the Hofmeister effect
is present in the activity of gramicidin A channels. In particular, measurements
of channel open lifetime and conductance in potassium salts clearly show the
existence of two distinct ionic classes which could be identified as kosmotropic
and chaotropic. To further investigate this behavior, we have measured the zeta
potential of diphytanoyl phosphatidylcholine (DPhPC) liposomes in salt solu-
tions. We observe that anions alter the surface charge of the liposomes depend-
ing on the classification of the anion as kosmotropic or chaotropic. Chaotropic
anions (SCN-, ClO4
-) decrease the surface charge of the liposomes while kos-
motropic anions (Cl-, H2PO4
-, SO4
2-) have the opposite effect. These results
correlate with our previous studies of cation conductance through gramicidin
A channels adding new insight into ionic interactions at the lipid-water
interface.
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Molecular Competition between Large and Small Polyethylene-Glycols
(PEGs) Partitioning into OMPC Porin Channels
M. Alphan Aksoyoglu1, Philip Gurnev1,2, V. Adrian Parsegian1.
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Molecular crowding by polyethylene glycols (PEGs) has been employed in a
wide range of inquiries into molecular structure and dynamics. Investigating
the partitioning of crowded polymers into biological nanopores reveals prop-
erties also seen in, e.g., DNA ejection and compaction into viral capsids, as
well as in facilitated molecule transport. Capitalizing on our previous work
on the partitioning of binary PEG mixtures into the benchmark Alpha-
Hemolysin nanopore, we have now studied partitioning of mono- and polydis-
perse polymer solutions into comparably sized, yet differently structured,
diffusion channels. We find that in the presence of large non-partitioning
PEG 3400, the small, otherwise equipartitioning PEG 200 partitions dispro-
portionately. Specifically, with 15% PEG 3400, an added 15% PEG 200
reduces channel conductance by 65% (compared with channel conductance
in polymer-free solutions), while 15% PEG 200 alone reduces channel
conductance by only 45%. We employed open-channel noise analysis to
investigate channel diffusion properties of individual polymers, and to
compare them with their properties in bulk water solution. In this way we
demonstrate and quantify crowding-assisted transport through nanopores in
mixed-polymer systems.
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Charging the Quantum Capacitance of Graphene with a Single Biological
Ion Channel
Peter J. Burke.
EECS, University of California, Irvine, Irvine, CA, USA.
Here, we report graphene-based field-effect transistors combined with sup-
ported lipid bilayers as a platform for measuring, for the first time, individual
ion channel activity. We show that the supported lipid bilayers uniformly coat
the single layer graphene surface, acting as a biomimetic barrier that insulates
(both electrically and chemically) the graphene from the electrolyte environ-
ment. The Dirac point of the graphene FETs is not affected by changes in the
solution pH or KCl concentration after it is covered by SLBs. Upon introduc-
tion of pore-forming membrane proteins such as alamethicin and gramicidin
Figure 1: Experimental setup. PSLBs are pre-
pared on hydrophilic functionalized porous
silicon nitride substrates and prepolymerized
F-actin is bound to them. The mechanical prop-
erties of the composite are determined by force
indentation measurements.
500a Tuesday, February 18, 2014A, current pulses are observed through the lipid bilayers from the graphene to
the electrolyte. By careful measurement and analysis of the appropriate circuit
elements in an equivalent circuit model, we confirm that the ion channel cur-
rent in our setup directly charges the quantum capacitance of the graphene, a
qualitatively different type of interaction than tradition SLBs with metal
electrodes.
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Immobilization of GM1 Causes Pinning and Anomalous Diffusion of
Cholera Toxin Bound GM1 Across a Bilayer Membrane
Gabrielle de Wit, Katelyn M. Spillane, Jaime Ortega-Arroyo,
Philipp Kukura.
Physical and Theoretical Chemistry Laboratory, University of Oxford,
Oxford, United Kingdom.
Small changes in the lateral organisation of components within the plasma
membrane can cause dramatic effects on cellular function. As a result, the
mobility of both transmembrane and single leaflet species has been the subject
of intense study. A particularly appealing description of the cell membrane
that has emerged in the past decade is that of the picket-fence model, based
on high-speed single particle tracking of metallic nanoparticles on living
cells. Nevertheless, there have been numerous reports that have questioned
the validity of such approaches due to possible artefacts caused by the size
of the label, the roughness of the membrane, or the precision of the imaging
approach.
Here, we used high-speed single particle tracking with interferometric scat-
tering microscopy (iSCAT) with 1 nm spatial and 10 microsecond temporal
accuracy of metallic nano particles as small as 20 nm to investigate the
existence, role and mechanistic origin of time-dependent mobilities of
membrane components in lipid bilayers. Using supported lipid bilayers as
a model system, we demonstrate that surface-immobilization of GM1 on
the lower leaflet induces anomalous subdiffusion of cholera toxin-bound
GM1 in the upper leaflet. At the same time we show, by chemically modi-
fying the lipid chain of GM1, that interleaflet coupling is a necessary
element for the observed sub-diffusive behaviour. The observations are in
excellent agreement with a simple barrier and valley model responsible
for the onset of anomalous diffusion, in this case caused by pinned GM1
molecules on the lower leaflet. Our results demonstrate the validity of
high-speed tracking using nanoparticle labels and present a general mecha-
nism for communication across lipid bilayers in the absence of transmem-
brane components.
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Incorporation of Integral Membrane Proteins in Giant Lipid Vesicles by
Swelling from a Protein-Loaded Hydrogel
Jesper S. Hansen, James R. Thompson, Noah Malmstadt.
Mork Family Department of Chemical Engineering and Materials Science,
University of Southern California, Los Angeles, CA, USA.
While giant unilamellar lipid vesicles (GUVs) have proven to be useful tools
for probing the properties of biomembranes, the incorporation of integral
membrane proteins into GUVs of controlled composition has remained chal-
lenging. We have developed a simple method for incorporating integral
membrane proteins into the GUV membrane. Detergent-solubilized proteins
are dissolved in an agarose hydrogel, which is spread as a thin film on a solid
substrate. Lipids of the desired membrane composition are then deposited on
top of the partially dehydrated, protein-containing hydrogel. The entire sys-
tem is swollen with buffer following previously published protocols for form-
ing GUVs from hydrogel-supported lipid films. The final detergent
concentration in the rehydrated system is significantly lower than the critical
micellar concentration of the detergent used to solubilize the membrane pro-
tein, which is transferred to the lipid bilayer of the GUV. GUVs form reliably
and with good yield at a wide range of buffer ionic strengths and lipid com-
positions. High-molecular weight species can be encapsulated within the
GUV interiors by including them in the rehydration buffer. We have used
this system to demonstrate the cholesterol-dependent phase segregation of
the alpha-helical transmembrane proteins aquaporin SoPIP2;1, aquaporin-Z,
and bacteriorhodopsin. In lipid systems expected to undergo liquid
ordered-liquid disordered phase segregation, these three proteins all consis-
tently co-segregate with the cholesterol-poor phase as cholesterol concentra-
tion is varied from 20 to 50 mol%. We have also incorporated the human
glucose transporter GLUT1 into GUV membranes and demonstrated its func-
tion. GUVs were fabricated encapsulating an enzymatic glucose assay with a
fluorescent output. These GUVs were then immobilized in a microfluidic
channel and a buffer containing glucose was introduced. Fluorescence was
observed only in those GUVs fabricated with GLUT1 present in the agarose
substrate.2533-Pos Board B225
Mechanics of F-Actin-Membrane Composites Investigated by Atomic
Force Microscopy
Corinna Kramer, Daniela Morick, Ingo Mey, Claudia Steinem.
Georg-August University, Institute of Organic and Biomolecular Chemistry,
Goettingen, Germany.
The cortical cytoskeleton attached to the plasma membrane is an essential me-
chanical component within the cell. It regulates fundamental processes
including cell division, motility and shape. In order to investigate how the in-
dividual components of the cortical cytoskeleton contribute to the mechanical
properties of the plasma membrane, a model system was established. Pore
spanning lipid bilayers (PSLBs) containing a specific receptor lipid were pre-
pared on porous silicon nitride substrates. Subsequently, F-actin was bound
to the PSLBs either directly via electrostatic interaction or via the linker protein
ezrin.
Fluorescence microscopy was utilized to visualize the prepared PSLBs and
the F-actin binding. Indentation experiments were performed by atomic force
microscopy (AFM) to eluci-
date the mechanical proper-
ties of the PSLBs. The
apparent spring constants
of the PSLBs were extracted
from the measured force-
indentation curves. In our
system, the determined
apparent spring constants
directly correlate with the
lateral tension of the PSLBs.
We analyzed the lateral ten-
sion as a function of F-actin
coverage.2534-Pos Board B226
Using Hydrodynamic Flow to Concentrate Membrane-Associated Proteins
in Free Fluid Lipid Bilayers
Aurelia R. Honerkamp-Smith1, Peter Jonsson2, Raymond E. Goldstein1.
1Applied Mathematics, University of Cambridge, Cambridge, United
Kingdom, 2Chemistry, University of Cambridge, Cambridge, United
Kingdom.
Biological organisms generally maintain their lipid membrane composition so
that the membranes are fluid at the growth temperature. This means that the
lipids they contain can be moved by hydrodynamic flow in the fluid surround-
ing a cell [1]. Some organisms use flow deriving from their own movement to
preferentially concentrate external proteins in the lipid membrane surface [2]. It
has previously been shown that lipid-anchored proteins protruding from a sup-
ported lipid bilayer can be concentrated or dispersed by fluid flow applied to the
membrane surface [3]. Here we investigate the effect of similar applied micro-
fluidic flow on free, non-supported bilayers containing a low concentration of
protruding proteins.
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Integrins and Urokinase Receptors Show Distinct Mechanisms of Protein
Sequestration in Raft-Mimicking Lipid Mixtures: Influence of Bilayer
Asymmetry, Ligand Binding, and Cholesterol Content
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Lipid heterogeneities, such as lipid rafts, are widely considered to be important
for the functionality of membrane proteins by causing protein sequestration.
However, the underlying mechanisms of such sequestration processes remain
